The permanent underground storage of large quantities of anthropogenic
Introduction
The permanent underground storage of large quantities of anthropogenic carbon dioxide (CO 2 ) from thermal power generation and industrial plant is needed to meet the commitments arising from the 2015 United Nations Paris agreement. This committed 197 nations to 'holding the increase in the global average temperature to well below 2 C above pre-industrial levels and pursuing efforts to limit the temperature increase to 1.5 C above pre-industrial levels, recognizing that this would significantly reduce the risks and impacts of climate change' (Adoption of the Paris Agreement United Nations Framework Convention on Climate Change 2015).
In the UK, carbon capture and storage (CCS) has experienced several false starts as successive Pale Blue Dot Energy, Aberdeen, UK administrations have wrestled with how best to kickstart an industry which, like refuse collection and landfill, is essentially a waste disposal business. Even so, it could grow to be as large as the North Sea oil and gas industry.
Whilst nuclear, solar and wind have benefited from the early UK government support to help drive down deployment costs in a learning by doing cycle of cost reduction, CCS in the UK has only just embarked upon this through a series of high-quality Front End Engineering Design (FEED) studies which have been completed and placed into the public domain. Even so, no projects are yet under construction.
CCS remains essential to meet the Paris Agreement goals through accelerated decarbonisation of fossil fuel power generation and remains the only technology that can decarbonise emissions from industry such as cement, steelmaking and chemical manufacture.
This paper looks at the important issue of CO 2 storage and some of the engineering challenges linked with it. It also looks at how the UK is positioned to commercialise its world class CO 2 storage resource potential.
Background
For the most part, many of the technologies used for CO 2 storage are adoptions or adaptations of existing oil and gas technology. In fact, the oil and gas industry has been successfully placing CO 2 and other gases deep underground for decades for different purposes:
1. Sour gas disposal -extraction of hydrogen sulphide (H 2 S) and CO 2 from natural gas streams so that gas can meet required sales specification. The H 2 S and CO 2 can then be injected deep into the underground reservoirs for permanent storage. 2. Gas storage -the underground injection, storage and re-production of natural gas to re-phase supply to match changing market demands over a daily or seasonal cycle. 2 and/ or natural gas into oil reservoirs to increase the recovery of oil. This EOR process can result in the recovery factor increasing significantly and has been a routine practice in West Texas for over 30 years. In the UK, CO 2 EOR is not operational. The UK's Oil and Gas Authority have estimated that the UK Continental Shelf (UKCS) has an unrisked CO 2 EOR potential of 5.7 billion barrels of oil.
Enhanced oil recovery (EOR) -injecting CO
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This compares to cumulative production at the end of 2014 of 3.6 billion barrels. 4. Gas flaring reduction -around 3.5% of global natural gas supply was flared in 2012 resulting in around 350 Mt of CO 2 emissions equivalent to 10% of the EU annual emissions. Re-injecting this gas into the underground reservoirs can support emissions reduction and preservation of this non-renewable resource for the future.
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CO 2 properties
Whilst meeting the engineering challenges of CO 2 storage depends upon the firm foundations of expertise and engineering practice of the oil and gas industry, the specific thermodynamic and chemical properties of CO 2 are so different that they create new challenges and opportunities which should be addressed. Further details can be found in the National Institute of Standards and Technology Chemistry WebBook.
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Pressure-volume-temperature relationship
Whilst CO 2 is a gas at atmospheric pressure and temperature with a density of around 1.8 kg/m 3 , at depths below around 800 m, below sea level under normal conditions, CO 2 becomes a super critical fluid with a density of around 800 kg/m 3 . This allows much higher storage efficiency (the mass of CO 2 that can be stored per unit of pore space volume) at depths below 800 m. This pressure-and-temperature-related threshold is a key constraint in the selection of effective CO 2 storage sites ( Figure 1 ).
Solubility
CO 2 is very soluble in water, especially when under pressure. At depth, saline water can hold up to 4% of its own mass as dissolved CO 2 . CO 2 rich brines are therefore denser than normal brine and over time will migrate to the deepest parts of the reservoir system where the CO 2 will eventually react with other components of the brine and rock and be converted to solid mineral form.
Viscosity
Once CO 2 is injected into a porous and permeable brine-filled formation, it is important to understand and forecast with confidence how the injected CO 2 will migrate through the porous rock reservoir. Whenever there are two immiscible fluids (CO 2 and water or oil and water) in a reservoir, their flow is influenced by three main forces:
. Gravitational forces which will tend to vertically segregate fluids based on their density . Capillary forces which will draw up the fluid in contact with the rock surface. This wetting phase fluid is normally water . Viscous forces which will oppose the movement of fluids
In the subsurface, CO 2 is always less dense than water even when the CO 2 is in its dense phase (800 kg/m 3 ). This encourages the CO 2 to rise towards the top of the formation whenever it can. CO 2 will also normally be the non-wetting phase, that is, there will be a film of water between the CO 2 bubble and the rock surface itself. Finally, the viscosity of CO 2 at reservoir conditions is significantly lower than that of the brine. As a result, injected CO 2 will tend to move through the water-filled formation in an unstable manner faster than the water itself. This means that the CO 2 bypasses sections of reservoir as it moves along and creates an uneven or fingered profile. This results in a sub-optimal flood of the reservoir and can significantly limit CO 2 storage efficiency in some storage sites. 5 
Thermodynamics
If the pressure of the CO 2 in any part of the injection system (pipeline, wells or reservoir) falls for some reason, then the CO 2 will expand and cool rapidly. For most of the CCS process, the pressure gradients and drops along the chain from the compression point to the reservoir are generally small. However, there is a class of storage sites in depleted hydrocarbon reservoirs where the pressure in the reservoir can initially be very low. This can result in the rapid expansion and cooling of injected CO 2 which can cause significant engineering challenges associated with materials selection for wellbore tubulars and even freezing of reservoir brines and thermal fracturing of the reservoir and its surrounding rock. The careful management of pressure along the chain of the process is a key issue to ensure efficient and safe operation. 6 
Chemical reactivity
When CO 2 is dissolved in water, it forms weak carbonic acid. Absorption of CO 2 in the oceans by the same process results in acidification which causes significant damage to marine ecosystems. In deep geological reservoirs and wells, the acidification can result in the degradation of well construction materials such as steel and cement which can compromise the integrity of wells and establish pathways for the CO 2 to return to the surface again. As a result, careful material selection for well construction and operation is essential. Acidification of formation brine can also change the natural pace of rock forming chemical reactions. This can result in both dissolution of some minerals and precipitation of others. These changes can affect the strength of the reservoir and its surrounding formations and their ability to hold pressure. The geochemistry of the subsurface therefore presents some important challenges and must be well understood. 7 Underground CO 2 storage CO 2 storage has three principle elements, all of which must be successfully completed for it to fulfil its climate guarding objectives:
. Capacity: Identify a large subsurface storage site capable of holding the CO 2 . Injectivity: Inject the CO 2 into the underground geological formation at the site . Containment: Retain the CO 2 securely in the formation at the site indefinitely Capacity (or more properly CO 2 storage resource)
The engineering challenges around selecting and designing a specific storage site development with a defined capacity are very similar to the engineering design of an oil and gas field development programme. The resulting plan is a complex interplay between the natural geological properties and dimensions of the underground site and the engineering works required to enable the project to operate. These include details such as the number, depth and type of wells, the requirement for an offshore platform or subsea facility and any other services such as chemical injection, brine production, CO 2 compression or well maintenance. Capacity being defined as that part of the potential CO 2 storage resource that is commercially viable.
In sharp contrast with oil and gas, where the oilfield development is sized to optimise the economic performance of the oilfield itself, the development of a CO 2 storage site must be designed to match the needs of a CO 2 emitter such as a power plant or an emitter network. For example, a 900 MW gas power plant will emit around 3 Mt of CO 2 per year under baseload operation. An investment decision to build such a plant with CCS will require a high degree of contractual certainty that there will be a developed storage resource available for it to use. With a power plant lifetime of perhaps 30 years this means an effective storage capacity of at least 90 Mt would be required. This capacity cannot simply be 'discovered', but be highly qualified such that the chance of being unable to deliver it is very small (<10%).
According to the UK CO 2 stored database of almost 600 potential storage sites, only 25% have the potential to be able to hold 90 Mt of CO 2 on a P50 basis (this means that there is the same chance that they will be able to store less than 90 Mt as there is that they could store more than 90 Mt). 8 Before a power plant with CCS can be developed, the certainty and confidence around the capacity must be progressed to a much higher level. This process has been completed several times now in the UKCS through UK CCS competition FEED studies and more recently through a project published by the ETI. 4 The strong legacy of oil and gas activity in the UKCS means that a huge amount of subsurface information is available which can be used to refine the capacity estimation of many potential UKCS CO 2 storage sites.
CO 2 storage resource is a complex parameter which depends upon both geological properties and engineering design. Sites with smaller storage resources can be enhanced through more complex engineering to improve storage efficiency and permit more CO 2 to be stored in the same space. One of these engineering options is brine production where extraction of salt water from the storage reservoir can create more voidage space to fill with CO 2 . Other options might be to develop two or more storage sites that are located close together. Whilst these options can support enhancing storage resource, they invariably result in higher unit costs per tonne for CO 2 storage.
Placing too much CO 2 into a storage site, perhaps because the actual connected pore space is smaller than forecast, can result in the increase of rapid can result in the rapid increase of reservoir pressure. If injection is not halted, then pressures can reach a point where they exceed the mechanical strength of the rock formation, resulting in a hydraulic fracture. 9 Whilst such hydraulic and thermal fracturing is common in oilfield water injection wells, it is undesirable for CO 2 storage because of the increased risk to long-term CO 2 containment that such fractures might cause. In oil and gas, long-term containment is not a concern since the field will be produced out in a relatively short timeframe. A key engineering challenge in CO 2 storage therefore revolves around managing subsurface pressures and developing a deep understanding of the geomechanical properties of the site to ensure its continued nominal performance.
It is worth emphasising that the preference for large storage resource sites for CO 2 storage also conveniently segregates those subsurface porous reservoir targets for CO 2 storage from those targets for natural gas storage (NGS). For NGS, the gas inventory is divided into two. 'Cushion gas' is injected and remains in the reservoir for the full lifetime of the project to provide a source of stored energy (through its compressibility) to help drive the 'working gas' out of the reservoir at the rates required when it is called upon. The ratio of the cushion gas to working gas can range from 20% to 300%, and the procurement of the gas can represent up to half the cost of a new storage facility. The bigger the site is, the more cushion gas has to be purchased. This places a practical commercial limit on the size or capacity of NGS sites. Such sites would generally be far too small for CO 2 storage requirements.
The other type of the underground NGS storage is in salt caverns. Here, a well is drilled into a salt deposit and water circulated into the well which over time dissolves a large cavern. These may typically be 100 m in diameter and perhaps 100 m to 300 m tall depending upon the thickness of the deposit. Since these systems do not depend upon flow of gas through a porous rock to reach the wellbore, the systems are extremely efficient at delivering gas back to the surface and therefore have very small cushion gas requirements. These systems are generally considered unsuitable for permanent CO 2 storage because 1. the capacity of each cavern is small at around 0.5 to 1 Mt CO 2 and so a 900 MW gas plant with CCS would require one new cavern to be developed every two to four months for its entire 30-year life, 2. the ability of the system to deliver gas back to the surface at a very high rate through a single well makes it difficult to ensure integrity of the site over many thousands of years and 3. each cavern generally requires a single well, making the development cost for a large storage site very high.
In some parts of the world where there are large centres of emissions but no depleted oil and gas reservoirs or saline aquifers, salt caverns may be the only viable storage solution if they can be configured in very large arrays.
In the subsurface, the estimation of the volume of connected underground pore space available, the storage efficiency of the system and the maximum pressure that the underground system can safely retain are each subject to the inherent uncertainty imposed by the incomplete understanding of the local geological conditions. Overall however, capacity is dependent upon a complex interplay between subsurface parameters and the engineering design. Figure 2 is a sensitivity analysis completed on a potential CO 2 storage site in the Southern North Sea. It outlines the impact of a range of different factors on the capacity estimation. Engineering design aspects are given in the lower part of the chart, whilst subsurface characterisation and reservoir modelling aspects are given in the upper part.
The complexity arising from the combination of geological uncertainty and engineering design presents some significant challenges to the quantitative estimation of potential storage resource. Early studies of national or basin wide CO 2 storage resource might be high-level assessments based upon scant information and rules of thumb. Other detailed studies of a storage site completed ahead of a final investment decision would be much more detailed and would require extensive subsurface data and engineering design and analysis resulting in much improved levels of confidence. This same challenge arises with the estimation of many different types of subsurface resource including oil and gas and a well-developed and mature 'petroleum resource management system' as has been developed by the Society of Petroleum Engineers (SPE). 11 There is a requirement for a similar system for CO 2 storage resources so that a set of unified common standard definitions can be applied consistently by international financial, regulatory and reporting entities. Such an agreed set of definitions already benefits all stakeholders in the petroleum industry and provides increased consistency, transparency and reliability. Figure 3 illustrates an early prototype system for CO 2 storage developed in 2016 as part of the ETI Strategic UK CO 2 Storage Appraisal Project.
10 This draws heavily from the SPE PRMS system. Resource estimates are distributed in the green and blue shaded areas based upon their 'Development Maturity' (the position on the Y axis) and the quantification uncertainty (the position on the X axis). Towards the bottom of the diagram are pre-discovered estimates of CO 2 storage resource called 'Prospective Resources'. Once a well is drilled in the subsurface, pore space is discovered then the classification is promoted to a 'Contingent Resource'. Only when a Figure 2 . Example of sensitivity analysis illustrating how capacity depends upon both subsurface parameters and engineering design.
'Final Investment Decision' is made and a commercial contract executed with a CO 2 emitter will the resources be considered 'Reserves'. At any stage, the storage resource estimate can be assessed probabilistically. This permits the estimate to be differentiated into 'Proved' where there is a 90% probability of the estimate being exceeded, 'Probable' where there is as much chance of the estimate being exceeded as there is of the estimate not being met and 'Possible' which has only a 10% chance of being exceeded.
In practice, a fully developed CO 2 capacity statement for a target site will have assessments for each and every category. In common with the petroleum system, the value and robustness of 1 tonne of proved CO 2 storage capacity will always be much higher than for 1 tonne of possible prospective resource. An international standard for a CO 2 storage resource management system is currently under development by the SPE.
Injectivity
Injectivity describes the ease with which CO 2 can be placed into the geological formation. It is a critical factor since the higher the injectivity then the fewer wells will be required to achieve the desired throughput. With the cost of wells representing between 20% and 25% of the total offshore transport and storage development costs, and at anything upwards of £20 m per well, this is a critical cost factor which impacts project economics.
The injectivity challenge can broadly be considered in two parts:
1. The design and performance of the well tubulars to deliver fluid CO 2 to the sand face of the reservoir at the appropriate depth and pressure 2. The ability of the reservoir to receive and transmit the fluid from the sand face at the well deep into the formation for permanent storage Both challenges are routine work in the oil and gas industry. The first is work for well technologists. In oil production, well design is complicated by changing fluid composition over time as pressures fall and water and gas eventually arrive at the well replacing the oil. This changes the dynamics of fluid flow through the tubing to the surface which often reduces well performance. In such circumstances, a well intervention or workover to install pumps or change out tubing for different sizes may be required.
For the injection of CO 2 , the challenge is somewhat simpler since the composition of the injected fluid flowing in the wellbore and its rate of injection is generally controlled by the operator. In low-pressure reservoirs such as depleted gas fields, there can be some specific challenges around phase control. The Joule Thomson cooling that results from expansion of compressed CO 2 can be problematic and causes concern around the potential for thermal fracturing of the formations near to the wellbore. The low-temperature risk also makes some specific demands for materials selection since normal oilfield steel tubing and well heads can be prone to brittle failure during periods of extended low-temperature exposure. This is one of the many reasons that it can be very difficult to re-use wells once used for producing oil and gas for the purposes of injecting CO 2 . In some situations, this cooling effect may require large-scale heating of the CO 2 at the surface prior to injection in order to manage the phase issue in the wellbore (see Hamilton Field example in literature). 12 This can represent an additional cost burden to a project. The phase management and path of such an operation to avoid the Joule Thomson cooling effect is outlined in Figure 1 .
The second factor is also routine work in the oil and gas industry for reservoir engineers. Injectivity is a function of the product of the thickness of the reservoir and its permeability (or its transmissibility kH/m). Permeability (k), net thickness (H) and viscosity (m) can be measured with reasonable accuracy at well locations using data acquired during drilling such as cores, logs of physical reservoir properties and fluid samples. The formation quality in the immediate Increasing maturity and chance of commerciality -> Figure 3 . Prototype of CO 2 storage resource classification. 12 vicinity of the injection well will strongly influence the short-term injectivity (i.e. how the well might perform over a few hours or days). The properties, characteristics and hydraulic connectivity of the very large volumes of rock in between the wells will control the longer term injectivity. It is the fuzziness of this characterisation which contributes the primary uncertainty to injectivity assessment. De-risking this ahead of major project investments is a significant engineering challenge that can generally not be resolved by simply drilling another well. De-risking can be achieved, but often requires some kind of large scale and long-term dynamic performance test where fluids are either placed into and/or withdrawn from the reservoir over a significant period of time (weeks or months ideally). In the offshore environment, these are difficult and very expensive to design. Fortunately, the UK's extensive oil and gas development legacy has resulted in many reservoir systems within and linked to oil and gas fields having been exposed to extended dynamic testing during many years of production. Hydrocarbon production has created regional reservoir pressure changes which can help to characterise regional reservoir connectivity and help to de-risk long-term injectivity performance. In formations with no or little regional petroleum extraction such as parts of the Triassic in the Southern North Sea, eliminating this long-term injectivity risk can only really be achieved by long-term well testing. Injectivity is also dependent upon the pressure of the reservoir compared to the pressure at the bottom of the injection wells. As the injected CO 2 inventory builds, the reservoir pressure increases and injectivity will decline. Operating a storage site may therefore require more wells at the end of its life than it needed at the start to despatch CO 2 at a fixed rate. The engineering challenge here is to maintain injection for as long as possible with minimal additional well costs. Potential tools which can contribute to meeting this challenge include:
1. Increasing the kH (the product of reservoir thickness and its permeability) of a well. This can be done by increasing the sand face length in the well using horizontal side tracks or multilateral well technology. Today, this is a standard oil and gas strategy for boosting production in low-quality reservoirs. 2. Raising injection pressure. This has some potential but is ultimately limited by having to maintain pressures below the formation fracture pressure. 3. Brine production. This is targeted at creating more voidage in the reservoir through brine extraction which helps to manage the reservoir pressure increases such that CO 2 injection can be extended for longer periods. 13 There are other factors that can result in failing injectivity in CO 2 storage. One such factor is a by-product of 'near wellbore dry out'. Most offshore subsurface formations are brine filled. Some brines are very saline or hypersaline in nature because of the proximity of the formation to natural salt deposits. The CO 2 injected into wells is almost totally dry. This helps to ensure that the materials exposed to the CO 2 do not become wet and become exposed to carbonic acid attack and it also helps to ensure that the valuable and hard won storage capacity is used to store CO 2 and not simply more water. As the CO 2 enters the formation, it absorbs some water from the near well bore area but does not absorb the dissolved salts. Over time, the remaining water becomes more and more salt concentrated until salt crystals start to precipitate in the pore spaces. In some situations, these can block and fill the pore throats and significantly reduce the permeability in the vicinity close to the wellbore and hence impair injectivity. 14 
Containment
It is in the area of containment that CO 2 storage departs significantly from oil and gas practice. Only in oil and gas exploration is there a deep interest and focus in understanding how the oil and/or gas pools became trapped in the first place and did not simply leak away. The motivation for this is to understand and characterise the geological play elements which influence trapping such that this knowledge can be used to improve the search for new oil and gas fields. Once a discovery is made, the focus of the development effort shifts to 'untrap' the petroleum and encourage it to flow to the surface in a controlled manner such that it can be collected and taken to market.
In CO 2 storage, the ability to contain injected CO 2 for many thousands of years in secure geological formations is critical. To be successful as an effective climate change mitigation technology, the injected CO 2 must be isolated from the atmosphere for tens of thousands of years such that the earth's natural carbon cycle has time to achieve stability. To put this into context, Figure 4 shows a chart of the cumulative CO 2 inventory injected into a storage site at 2 Mt/year for 30 years. If only 0.1% of the injected inventory were to leak each year through some containment or integrity issue, then some 90% of the inventory would leak away in only 2000 years. If this makes it into the atmosphere, this will further contribute to climate change.
A significant geological and engineering effort must be made during site selection, development and operation to ensure that this containment risk is assessed, quantified, minimised and mitigated ( Figure 5 ).
Some address this challenge by limiting the CO 2 storage site selection to depleted oil and gas fields where the geological conditions conspired to trap oil and gas in the first place. Whilst this argument is convenient and compelling for many, it is unfortunately not always reliable. Underground geological structures can be charged with oil and gas from their source rocks over periods of many thousands or even millions of years as geological basins evolve. Some traps can leak and be filled at the same time; the size of the accumulation is simply a matter of the relative rate of charging and leaking. With these processes taking place over geological time, it can be very challenging to be certain about trap integrity.
The issue of containment assurance is a multidisciplinary engineering challenge. Whilst the use of depleted oil and gas fields can provide much improved confidence of effective geological containment for long enough, these sites have been subjected to exploration appraisal and development drilling. Each well drilled will temporarily breach the integrity of the site. Each well must be carefully abandoned to ensure its continued integrity. Well abandonment standards have evolved over the years and are improving all the time. Older wells, however, can present integrity challenges and in some instances may need to be repaired before a site can be used for CO 2 storage. For some offshore legacy wells, even finding them can be difficult and it may prove impractical to effect a repair. Subject to the risk assessment, this means that either the CO 2 storage development can progress but will not be able to eliminate the risk posed by the legacy well or that the site is effectively sterilised for CO 2 storage use.
All sites require detailed and careful monitoring of both the subsurface and marine (or surface) environments to identify any events which depart from a baseline environmental survey which might be indicative of CO 2 leakage from the defined site. The technologies to achieve this monitoring are already well developed and are the subject of continued research. Unfortunately, when evidence of CO 2 leakage or loss of containment is detected it is too late and all injection operations may be halted. This is why storage site selection must rigorously envision all the potential egress pathways for CO 2 out of the storage site and design the development to be as robust as possible such that the CO 2 never reaches the surface. As a result, those potential sites with secondary (shallower) storage reservoirs and caprocks which serve as a backup trap are highly sought after.
Practically, the deep geological storage in reservoirs deeper than 1 km with good site selection is a very low-risk operation and will significantly reduce or eliminate the climate damaging effect of greenhouse gases which are otherwise simply dumped directly into the atmosphere.
Effective containment assessment and assurance requires access to geological and geophysical information from national data archives and detailed well construction and abandonment records from oil company archives.
Conclusions
The evolving CO 2 storage sector stands proudly on the shoulders of the oil and gas industry from where it has drawn people, technology, information, experience, innovation and even some investment.
There are however some very important differences between CO 2 storage and the oil and gas industry. Perhaps the most significant is that CO 2 storage is a waste disposal business where the current cost of pollution (disposal directly into the atmosphere) is so low that it is proving very difficult to commercialise CO 2 storage. As a result, the industry from where the technology arose is generally not commercially motivated to drive the CCS deployment forwards. There are some exceptions. Some corporates with long-term vision and acute understanding of the energy markets see CCS as vital technology which one day may make the difference between their business being able to continue to monetise their proven reserves of fossil coal, oil and gas and having to leave the bulk of the asset upon which their market capital is built in the ground stranded and unconsented for production. Whilst their public statements suggest this point is far into the future, such 'license to operate' motivation is already resulting in CCS projects being developed in some parts of the world.
From an engineering perspective, there are also some important differences between CO 2 storage and oil and gas. These largely arise from the thermodynamic properties of CO 2 , the essential requirement for long-term storage site integrity and the different demands created by the contrasting regulatory environments between CCS and oil and gas extraction.
Whilst underground injection of CO 2 can truly be considered proven technology, there are a range of engineering challenges to meet in order to deliver CO 2 storage in a safe and cost effective manner. The engineering performance of the UK offshore industry is fully capable of meeting these challenges.
The future
The only real remaining challenge is a political one: finding and deploying politically acceptable policy instruments which motivate industry and enable commercially viable business models to exist both here in the UK and elsewhere. The classically quoted energy trilemma where a balance between climate protection, security of supply and affordability is today simply about the politics of affordability. The Paris Agreement and its consequential outcomes will help drive that evolution.
The UK is uniquely positioned in Europe to develop a thriving CCS industry because of three things:
1. Its huge unmatched offshore CO 2 storage resource which could service the requirements of the North Sea nations as they decarbonise their economies to meet their Paris Agreement obligations. 2. Its significant carbon-based industry in power generation, heavy industry and oil and even gas (which is still a highly emitting carbon based fuel). 3. Its leadership and track record in the transition to a low-carbon world.
For engineering graduates and professionals who really want to make an important and positive difference, CCS is a serious sector to consider.
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